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K Ke ey yw wo or rd ds s: : light-trap, collecting distance, Babinet-point, moon phases I In nt tr ro od du uc ct ti io on n Great many studies in professional literature are devoted to the role of the Moon in modifying light trapping catch. The conclusions are contradictory and up to this day a good many questions have remained unclarified. True, the authors usually collected differing species at the most different geographical locations and have not even registered the Moon phase in every case. R Re ev vi ie ew w o of f L Li it te er ra at tu ur re e In astronomical terms, twilight means that the Sun is set just below the horizon. At the time of sunset and sunrise, the zenith distance (ZSun) is equally 90.5°. In the period of civil twilight (ZSun = 90.5°-96°), provided the sky is clear, the visible outlines of objects in the environment make appropriate orientation possible. The brightest celestial bodies which help orientation appear at the time of navigational twilight (Z Sun = 96°-102°). Complete darkness sets in at the end of astronomical twilight (ZSun = 102°-108°). From then on, provided the Moon or zodiacal light observable near the Equator does not enhance the illumination of the environment, only the brightness of the night sky is perceivable. Its mean value is 9*10 -4 lux (Nielsen [116] , Roach and Gordon [151] ). Naturally, at dawn, the same events follow one another in reverse order.
The light of the sky at sunset and daybreak is strongly polarized. In some places, however, neutral spots can be observed in areas of a few arc-square grades where polarization is practically zero (Rozenberg [156] , McCartney [101] ). Babinet's point follows the Sun on its virtual trajectory by 15-25° in the evening and precedes it by the same value at daybreak, so it is observable at twilight. More recently, Hungarian researchers have also been devoting attention to the unpolarized points of the sky (Gál et al. [62] , Horváth és Varjú [79] ). The neutral points are presumably perceived by insects as discontinuities in a sky emitting a continuity of polarized light. Therefore we assume that these points might have a role to play in their orientation. From this point of view, Babinet's point especially may be of significance in the periods of evening and dawn twilight.
The question of the distribution of the catch by light-trap in the course of a night has been a subject of research for several decades. Williams [199] used a fractionating lighttrap in four years of examining flight activity as it was changing over the night.
Tshernishev [187] claims that the flight activity of each species follows a special daily rhythm that usually corresponds to the time of flying to light. From this point of view he establishes four basic types of insects:
• Flight of short duration tied exclusively to twilight, can never be observed by night (most Ephemeroptera, Corixida, Coleoptera, Diptera and Hepialida species).
• Species of a flight of longer duration. They start their flight later, reaching the peak early in the evening. Some species fly all night (Trichoptera, Chironomida and a few east-African Ephemeroptera species).
• Intensive flight from sunset to close on sunrise, not letting up during the night (Tripuloidea and some Ephemeroptera species).
• Typical night flight with a well discernible nocturnal peak (Ophionina, Lepidoptera, especially the species of Noctuidae and Serica brunnea L.). In the same work, the author lays down for a number of insect orders and for some significant species the values of illumination expressed in lux characterizing the beginning and the peak of the activity. The activity of most Lepidoptera species increases from 0.01 lux to 0.001 lux but decreases by illumination below that value.
The intensity of illumination is of outstanding importance from the point of view of the collecting area as well as regarding flight activity. For by a lower level of illumination in the environment, the light-source of the trap will be discernible from a greater distance. However, this possibility has been studied so far only in the context of the light of the Moon (Bowden and Church [23] , Bowden and Morris [26] ).
The fact that the polarized light of the sky has a role to play in the orientation of some insects has been known for about fifty years. Dantharanayana and Dashper [43] examined insect behaviour in response to polarized light by using three Pennsylvania type light-traps. It is quite remarkable that the result pertaining to moths contradicts an earlier finding by Kovarov and Montchadski [92] who claim that species of that order fly in masses to polarized light. We have not come across with any publication in professional literature discussing light trapping efficiency in an interrelationship with the position of neutral points.
Several researchers include moonlight in their list of factors that modify collecting, but owe us a detailed analysis of the workings of that influence (Ármai [4] , Malicky [99] , Harling [73] , Hardwick and Lefkovich [72] , Jermy [89] , Lödl [96] , Pedgley et al. [137] ). Leinonen et al. [94] tested four different types of light-traps and bulbs in northern Finland. The 4 traps changed places every night, but on every fifth night were put back to their original places, in order to evade the influence of the Moon. Ito et al. [83] applied auto-correlation calculation to establish that collecting by light-trap has a 29-30 day periodicity. In actograph examinations, Danthanarayana and Gu [44] experienced a 27 day periodicity in the flight activity of Epiphyas postvittana, a period remarkably close to the length of the sideric lunar month (27.7 days). Ho and Reddy [76] have found that moonlight exerted a stronger influence on light trapping catch than on the catch by pheromon traps.
Findings by other researchers have been contradictory. Corbet [38] , Hanna [70] , Day modest catch on moonlit nights. The most favourable preconditions to successful trapping included cloudiness, warm sultriness and thunderstorm by new moon. Light trapping near full moon in Ecuador yielded very low numbers of specimens. The background illumination of the full moon makes artificial light sources practically invisible for insects. This effect is particularly strong in the tropics when the Moon is at its zenith (Brehm [28] ). According to Reinert [146] , moonlight influences both light-trap effectiveness and the behaviour of mosquitoes. By full moon the light-trap will collect a smaller number of mosquitoes than by new moon. Garcia [63] collected Sphingidae species with mercury vapour light source in Venezuela. He trapped the highest number of individuals by waning Moon and the smallest number by full moon. In Burkina Faso, Constantini et al. [36] did not experience any influence of the lunar phases on the number of mosquitoes lighttrapped indoors, however, out-of-doors, a smaller number of specimens were captivated at full than at new moon. According to a report by the Hock Company [77] , in the light trapping of mosquitoes, there is a four-week periodicity accompanying the phases of the Moon. Collecting is successful on clouded and moonless nights. However, when 1-2 pounds of dry ice was hung up in an isolated container over the trap, there was a rise in the number of individuals caught and the influence of the Moon also diminished. In the light trapping of Sopdoptera exampta Walker (Lepidoptera: Noctuidae), big catches occurred much more often in the neighbourhood of a new moon than at the time of a full moon (Tucker [191] ). The difference between nights with and without rain was insignificant. This refers to the fact that the relationship between rain and collecting has nothing to do with the Moon being covered by clouds. Light trapping the malaria mosquito species, Anopheles culicifacies Giles (Diptera: Culicidae) in India, Singh et al. [169] had a bigger catch on moonless than on moonlit nights. The difference was prevalent until midnight. Light trapping Culicoides brevitarsis Kieffer (Diptera: Ceratopogonidae), Bishop et al. [17] encountered a minimum by full moon. Whereas changing moonlight in the course of a night at the time of a full moon had no clear influence on the light-trap catch. Yela and Holyoak [204] examined with light-trap and bait trap the night-time activity of Noctuidae. The examination was going on for 2 years, encompassing 170 nights. The number of moths light-trapped diminished in the proximity of a full moon. The catch by the bait trap was not modified by full moon. The light-trap catch was, the bait trap catch was not increasing by growing cloudiness. According to Gustafson [66] , the light-trap is not effective on cold nights, in rain, or when the Moon or other bright lights are visible in the area. The period from the last quarter to the new moon is the best time for light trapping. In that period, the Moon is visible little, if at all, in early evening. Butler et al. [33] found that moonlight restricted light trapping on cloudless nights. Moving from effective to less effective, he light-trap catch of Chilo partellus Swinhoe had the following order of success in India: new moon, first quarter, last quarter and full moon (Mahadevan and Chelliah [98] ). Also in India, Rajaram et al. [145] light-trapped a higher number of specimens of 4 cotton pest species by new moon than by full moon, with differences in ratio though. Moonlight, in the first place by full moon, also slows down the activity of bats. According to Negraeff and Brigham [114] , this has an explanation in the higher risk of catching a prey or the diminished number of insects.
The role of moonlight in reducing the catch is taken for granted by many researchers, so much so that they stop operating their light-traps at full moon, using it for collecting [40] claimed it was superfluous to operate a light-trap after moonrise, because he was convinced of the chances of a catch greatly reduced by moonlight. Some researchers explain reduced catch by a slackening of flight activity and by a diminishing collecting area by others. The collecting area changes in line with the twilight or early morning illumination coming from the Sun, the light of the night sky and the light generated in its prevailing phase by the Moon. The light source of the trap is visible from a greater distance in weaker environmental illumination. The views found in professional writing are rather contradictory regarding the question of whether the changing light of the Moon influences the catch by modifying the collecting distance.
The collecting distance as a function of changing moonlight has been calculated by a number of researchers. Using a 125 W HPL light source, Dufay [53] determined the collecting distance as 70 meters at full moon and 830 meters at new moon. Studies by Bowden [19, 20] , Bowden and Church [23] discussing in detail the fallback of light intensity from civil twilight to astronomical twilight as a function of the phase of the Moon are of fundamental importance. In these, Bowden examined with graphoanalytical method and arranged in charts the illumination generated by the Moon in its different phases in zones in the vicinity of the Equator, atmospheric light absorption also taken into account. He determined the collecting distances for his 125 W mercury vapour light source as 35 meters at full moon and 519 meters at new moon (Bowden and Morris [26] ). Bowden [22] determined, by identical illumination, the collecting radius of three different lamps: 125W mercury vapour in the UV range: 57m at full moon and 736m at new moon, 160 W mercury vapour lamp with wolfram filament: 41m by full moon, 531m by new moon, 200 W wolfram lamp: 30m by full moon, 385m by new moon. Preuss and Preuss [142] established the height, direction and vertical distribution of the flight of nocturnal insects with the help of a telescope set up in the direction of the Moon. They compared their findings to their own light-trap catch data. They determined the collecting distance of the light-trap as 7m. Regarding the distance, Farrow [58] came to an identical conclusion. Observation by Rezbanyai-Reser (verbal message) confirms that light has an area of attraction of not more, perhaps less than 10-20 metres. Only those insects are flying to light that would probably have flied through the area anyway, in the absence of a lamp, too. In the case of a 100 W regular bulb, we determined these distances as 18m and 298m (Nowinszky et al. [122] , Nowinszky and Tóth [124] ). We also established, however, that the collecting distance had a provable impact on the quantity of the catch only in periods without moonlight when illumination was generated by the setting or rising Sun. The influence of the Moon on the catch exerts itself not only through the modification of the collecting area (Nowinszky et al. [131] ).
Some important experiments have shown that insects fly into the trap only from the direct vicinity of the light source, a few meters at most. Recapturing tethered and freeflying marked imagoes of Noctua pronuba L. and Agrotis (Scotia) exclamationis L., Baker and his fellow researchers (Baker and Sadovy [7] , Baker [6] , Sotthibandhu and Baker [171] [108] ), while the proportion of the individuals trapped of the ones in the direct vicinity of the trap is identical (Bucher and Bracken [32] ).
Other researchers are of the view that moonlight slackens the flight activity of insects. Over a period of three years, Nemec [115] collected the smallest number of Heliothis zea Boddie specimens at full moon, and the highest number at new moon. To find out about the reasons, he brought up the moths in total darkness in a laboratory. They became inactive as soon as illumination rose to over 0.1 lux. That observation, combined with his light-trap results, lead him to the conclusion that moonlight hindered flying activity. McGeachie [102] reached the same conclusion.
On the other hand, observations by Dufay [53] contradict the theory on the hindering impact of moonlight:
• Even in moonlight, nocturnal moths are there to be seen in the beam of car head-lights.
• The catch diminishes but does not stop altogether at a full moon.
• At the time of a lunar eclipse when the Moon is hiding, the catch is high, despite being low directly before and after the eclipse. This is a rather telling observation, as the eyes of nocturnal insect's adept to darkness with a delay of 5-9 minutes. Personally engaged in collecting at the time of a lunar eclipse, Rezbanyai-Reser [147] once observed stepped up insect flight activity as soon as the Moon disappeared, and again, its gradual dying away after the Moon appeared in the sky.
Bowden and Morris [26] always calculated for an identical area the volume of their catch made in the course of the lunar month in areas reduced by the effect of moonlight. The highs of the standardized data occurring in the proximity of the full moon also contradict the theory on the hindering effect of moonlight. Our own experiments (Nowinszky and Tóth [126] ) have also shown, after the corrections required by the change in the area of collecting were made, a maximum catch of two pestilent species (Scotia segetum Schiff. and Scotia ipsilon Hfn.) at full moon. In a subsequent work, Bowden [22] criticizes the remark by Baker and Sadovy [7] who had claimed that the large yellow underwing (Noctua pronuba L.) and the heart-and-dart moth (Scotia exclamationis L.) fly to light only from a distance inside 3m. Were that the case, Bowden holds, a large volume of light-trap catch over a single night would entail the existence of a population too large to be true. He believes the findings of Baker and Sadovy [7] might be valid for certain forms of behaviour in the direct vicinity of a strong light source, yet argues that their method of experimentation may be subject to criticism.
Jermy's assumption [88] that the presence of moonlight reduces the catch because it helps insects by enhancing their security of orientation is remarkable, although unchecked by concrete experiments. Wehner [197] claims that nocturnal insects, guided by the light of the Moon, are capable of orientation in space, despite the fact of this being a much more complicated task than orientation by the Sun at daytime. For the Moon is not above the horizon every night, the time of its rise and set changes from night to night, and its position alters much more drastically in the course of a night than that of the Sun in the course of a day. [84] ). Collecting two rice pests (Scotinophora coarctata F. and Scotinophora lurida Burmeister) with a 125 W mercury vapour lamp, Balasubramani et al. [8] observed a higher catch by the full, then by the new moon. The Malayan Black Bug (Scotinophora coarctata Fabricius) flies to light in large quantities. It can be lighttrapped in the largest masses during the five days before and after the full moon (http://pne.gsnu.ac.kr/riceipm/ scotinop.htm.) Sharma and Badan [165] observed a catch maximum both at the time of the new and the full moon and a minimum in the vicinity of the first and last quarters. Sekhar et al. [164] claims, that the catch is higher in the period from the full to the new moon than from the new to the full moon. Collecting mosquito species, Dickson and Hatch [48] encountered a catch maximum in the first or last quarter.
According to some observations, flying activity is lengthened by the stay of the Moon above the horizon (Heikkinheimo [74] ) and that leads to a richer catch (Nowinszky and Tóth [124] , Tóth et al. [186] , Nowinszky et al. [131] ). On the other hand, Siddon and Brown [168] in a suction trap experiment encountered a catch maximum 11 hours after sunset in the 7 day period preceding the full moon and 2 hours after sunset, in other words, in the moonless periods of the night in the 7 day period following the full moon.
From the point of view of clarifying the relationship between the light of the Moon and light-trap effectiveness, studies examining the moonlight-related activity of insects by use of other methods are of great significance. For these may exclude the disturbing differences in the reaction of insects to the trap stimulus. Saha and Mukhopadhyaya [158] observed a difference in the copulation activity of the species Orthomorpha coarctata Saussure (Polydesmida, Paradoxosomatidae) in the first quarter of lunation. In their experience, the height of activity occurred half an hour before sunset, 3-5 days before the full moon and the new moon. Kerfoot [91] reports, those nocturnal bees carried on with their collecting activity as long as the Moon stayed above the horizon. Some water insect larvae display increased liveliness of activity in the presence of moonlight (Ribbands [148] ), an experience not shared by some other authors (Andersen [2] , Chaston [34] ). Some mosquitoes, gnats and tsetse flies become more aggressive when the Moon is visible (Vanderplank [194] , Ribbands [148] , Monchdadskiy [107] , Muradov [111] ). On the other hand, observation to the opposite effect is reported by Bhatt et al. [13] . Desert ants carry on with their daytime feeding activity on moonlit nights (Hunt [82] ). Riley et al. [150] have observed in radar experiments that the presence of moonlight protracts the activity of insects flying at twilight. Sáringer [160] , too, believes in the possibility of moonlight making the day longer for insects with a perception threshold of luminous intensity below that of the Moon. Therefore in the case of some species, moonlight should also be considered in any study of the photoperiodic reactions. According to Schaefer [162] , the flight maximum observed by radar was not reflected in the light-trap catch in strong moonlight. Using a radar device, Drake [52] and Riley et al. [149] who also used radar as well as infrared optics found no relationship between the direction of the orientation of migratory insects and the position of the Moon, therefore they do no [140] ). In a subsequent suction trap examination, Bidlingmayer [15] found no difference between the collecting results in the period of the full moon on the one hand and the new moon on the other. Bidlingmayer [16] also established that the number of mosquitoes collected in the suction and bait traps from the time of the new moon to that of the full moon grew by 2-3% every day. Bowden's [21] corrected light-trap data were basically the same as those of the suction trap. Using a suction trap, Davies [45] demonstrated an activity peak in the evening and in early morning at the time of the new moon, on other nights this was modified in line with the phase of the Moon and at the time of the full moon shifted in time to coincide with the time of the rise of the Moon and the middle of the night. The light-trap catch did not confirm evening and early morning activity. In pheromone trap experiments, Sekhar et al. [163] found no difference in the number of Helicoverpa armigera Hbn. moths collected at the time of the full moon on the one hand and that of the new moon on the other. Mean catches of the African sweet potato weevils, Cylas brunneus and Cylas puncticollis, did not differ significantly between new and full moon caught by pheromone trap (Laboke and al. [93] ). Tshernishev and Dantanarayana [190] ) established in laboratory experiments that the activity of the three noctuid species (Helicoverpa armigera Hbn., Helicoverpa punctigera Wallengren and Heliothis rubescens Walker) studied with the help of an infrared actograph reached its peak by full moon and by new moon, and its low from the second day following the new moon to the two days preceding the full moon. Williams and Singh [202] have reported on the following suction trap catch results in the + 3 day proximity of the various Moon phases: full moon: 204, last quarter: 589, new moon: 1 259, first quarter: 562 specimens. El-Ziady [57] modifies the original question by Williams [198] on the modest catch at the time of the full moon in the following way:
• Moonlight has a direct influence on activity and reduces the number of flying insects.
• It is possible that insects stay at the shaded, darker places at the time of the full moon.
• It is equally perceivable that insects fly in the higher layers of the atmosphere in that period.
On the other hand, Danthanarayana [41] in his suction trap experiments detected a major peak in the catch at the time of the new moon and a smaller one at the time of the full moon. According to Danthanarayana [42] , the flight activity of insects has a three peak lunar periodicity: in the first and last quarters and directly after the period of the full moon. The latter peak however, remains obscured in light-trap collecting as it occurs in the period characterized by the smallest collecting area. The lunar period of flight activity gets superimposed on the circadian rhythm. In his view, the three peak lunar periodicity might be related to migration. In these periods, insects fly in the higher layers of the atmosphere, thus reaching heights where they get transported by horizontally [130] ) we demonstrated that only in traps operated at 2 m and 10 m is the difference in the specimen number of migratory species insignificant at the time of the full moon, in the period of other lunar phases, the light-trap lying lower collects a much smaller number of individuals. This fact might support the assumption of Danthanarayana, although in the absence of a satisfactory amount of investigation in Hungary, we cannot come out with a well-founded argument on this question. And in the absence of high traps, the possibility of further research is ruled out. However, the outcome of an experiment by El-Ziady [57] might be an important contribution: using a suction trap placed at a height of about 9m (30 feet), he collected the highest number of flies (Diptera) at the time of the full moon. Danthanarayana and Dashper [43] observed a peak in the activity of nocturnal insects at the time of the full moon and in the proximity of the first and the last quarters. The latter two maximums are related to polarized moonlight, which is of the highest intensity in the same two lunar quarters. Kovarov and Montchadski [92] found that a light-trap using polarized light was twice as effective as the one using regular light. In an earlier study (Nowinszky et al. [122] ), we detected in the combined light-trap catch data of 7 species three catch maximums in the course of the lunar cycle. However, in the place of the first maximum at the time of the full moon, we found a smaller local catch maximum in the period of the new moon. The abundance of catch in the first and last quarters can be explained with the high ratio of polarized moonlight, while the catch high in the vicinity of the new moon, when there is no moonlight, might follow from the fact that this is the phase characterized by the largest collecting area. Mizutani [106] could not confirm the influence of polarized moonlight on the catch, but then he had a mere 17 nights at his disposal and there was a strong wind at the time of collecting. An experiment by Sotthibandhu and Baker [171] shows that the large yellow underwing (Noctua pronuba L.) finds its bearings on moonless, bright nights by the stars positioned some 95° from the North Star.
All in all, not to this day have researchers arrived at a common platform regarding the influence of the Moon on the flight activity of insects and on the light-trap catch. Therefore, making use of the enormous mass of collecting data supplied by the Hungarian national light-trap network and the hourly catch of Járfás' fractionating lighttrap in Kecskemét, we examined this question in several studies (Nowinszky [119] ).
M Ma at te er ri ia al l a an nd d M Me et th ho od ds s
In our work, we used data of national light-trap network pertaining to the species listed in Table 1 . The material of the Kecskemét fractionating light-trap, we processed data on turnip moths (Scotia segetum Schiff.) and heart-and-dart moths (Scotia exclamationis L. We used our own software devised for the purpose to calculate the times of sunset and sunrise and the start of civil, navigational and astronomic twilight as well as the values of illumination in the environment expressed in log lux (Tóth et al. [185] , Tóth and Nowinszky [184] , Nowinszky and Tóth [125] ). The same software made it possible for us to define for any given point of time the light of the twilight sky from the setting or rising Sun, illumination generated by the Moon always in correlation with the given lunar phase and the light of the starry sky which is constant (0.0009 lux). The software also considers the extent of cloudiness. Our own software also helped us to calculate the position of Babinet's point above the horizon. In the current study we have no scope to outline the theoretical bases and actual succession of calculations. However, let me refer to our earlier work (Tóth et al. [185] , Nowinszky et al. [122] ), where all these were described in detail, with the software in question and our results included (Nowinszky and Tóth [125] , Nowinszky and Tóth [129] ).
From the material of the Kecskemét fractionating light-trap we have used collecting data pertaining to the fall webworm moth (Hyphantria cunea Drury) and the turnip moth (Scotia segetum Schiff.). In the context of the position of Babinet's point, we examined light trapping efficiency concerning the catch of turnip moths (Scotia segetum Schiff.) and heart-and-dart moths (Scotia exclamationis L.). And with regard to the collecting distance, we processed the catch data pertaining to all three species. We computed the collecting distance of the Kecskemét fractionating light-trap for different values of environmental illumination and the ensuing probabilities of approach in a way described in an earlier study (Nowinszky et al. [122] ). In what follows we give you the result without repeating the process of calculation. With the exact time of the catch within each hour unknown, the data were always calculated for the 30 th minute following every full hour. By the distance of collecting we mean the radius of a circle with a circumference made up of points that receive an equal amount of illumination from the light-source and the environment. This is the formula to determine the radius: r o = √I/E (Eq. 1)
Where: ro = the collecting distance, I = the intensity of illumination by the light-trap (candela), E = the intensity of environmental illumination (lux).
If the illumination in the environment comes exclusively from the starry sky, the maximum collecting distance with a Jermy-type light-trap is this:
r o = √80/0.0009 =298m (Eq. 2)
And with the Kecskemét fractionating light-trap using F-33 light-tubes: r o = √255/0.0009 = 532m (Eq. 3)
At full moon, when the environmental illumination comes partially from the Moon, the collected distance with a Jermy-type light-trap is the following: r o = √80/0.25+0.0009≈18m (Eq. 4)
And with the Kecskemét fractionating light-trap using F-33 light-tubes: r o = √255/0.25+0.0009≈32m (Eq. 5)
We are to assume that the flight of an insect at distance r from the light-trap is equally probable in every direction. In that case, the probability (probability of approach) of the insect flying in the direction of the two-dimensional plane determined by the tangents to a circle with radius r o is the following:
From the catch data we calculated relative catch (RC) values by species, generations and hours. In the swarming periods of the different generations, we calculated for each night the times of sunset and sunrise as well as the start of civil, navigational and astronomic twilight in both the evening and early morning hours and the onset of night time illumination, the accompanying values of environmental illumination expressed in lux and the period in which the Moon stayed above the horizon. We arranged collecting hours into the range of illumination to which they belonged over a longer period of time, separating moonlit hours and those without moonlight. Within each range of illumination, we averaged the accompanying relative catch values. The level of significance of the difference between the catch by the same illumination before and after midnight as well as the catch belonging to consecutive ranges was checked by a t-test (Nowinszky et al. [120] ).
We computed the whole collecting area for the twilight and night hours both with and without moonlight. Without considering the hour of collecting, yet making a distinction between the hours of twilight and night with and without moonlight, we arranged these areas into classes, and then drew averages (Nowinszky et al. [131] ). By use of our own method, we calculated three point moving averages of the accompanying relative catch data. Then we attempted to reveal the possible connection by correlation calculations by species.
The assumed effect of Babinet's point on the orientation of insects considering both evening and daybreak collection data in a contracted form, we studied then compared with each other the modifying effect on the catch of the Moon on the one hand and Babinet's point on the other. We arranged in three classes the values of environmental illumination below -1 log lux, -2 log lux and -3 log lux. In each class, we separated two groups depending on the position of the Moon and Babinet's point above the horizon:
• The Moon and Babient's point were both above the horizon (M+Bp+).
• The Moon was not, Babinet's point was above the horizon (M-Bp+). In all illumination classes and groups, we summed up then averaged the relative catch values of the relevant hours. Then we examined the differences, if any, between the catch data pertaining to the different species and classes of illumination. We checked the significance levels of the differences with a t-test.
Then, disregarding environmental illumination, we went on analysing those cases in which both the Moon and Babinet's point were above the horizon. Here we wanted to find out whether there is any difference in the light trapping efficiency of the different species depending on whether the Moon or Babinet's point was higher on the horizon. Since Babinet's point was always positioned below 45° above the horizon, we examined cases when the Moon, too, did not rise higher than 45°. We separated our data depending on whether the Moon or Babinet's point was positioned lower above the horizon. All in all, also distinguishing between evening and early morning hours, we studied the differences in the catch results of four different eventualities. Both in the evening and early morning hours, we compared the catch results in the following situations:
• The Moon and Babinet's point are both below 45° above the horizon, but the Moon is positioned lower.
• The Moon and Babinet's point are both below 45° above the horizon, but Babinet's point is positioned lower. Just like before, we summed up, then averaged the relative catch values by species and checked the significance level of the differences with a t-test.
Based on a study by Austin et al. [5] , Pellicori [139] and our own earlier work (Ekk et al. [56] , Szabó et al. [177] , Nowinszky and Tóth [123] , [124] , [126] , Nowinszky et al. [122] ), we have sketched the relative luminousness of the Moon and the ratio of its polarized light as a function of the phase angle. Based on our earlier work (Tóth and Nowinszky [184] ) were calculated with the help of software of our own development (Nowinszky and Tóth [125] ).
Looking at the Kecskemét collection data of the turnip moth (Scotia segetum Schiff.) and the heart-and-dart moth (Scotia exclamationis L.), we were first trying to find an answer to the question of whether the differing heights of the Moon above the horizon influenced the effectiveness of light trapping? The catch data from the fractionating light-trap provide us with the specimens caught in each full hour, within that, however, we have no knowledge of the exact time of trapping, therefore the data related to the height of the Moon above the horizon were calculated electronically, with our own software, always pertaining to the 30 th minute of each hour (Nowinszky and Tóth [125] ). We processed the catch of only those nights when the Moon was observable both below and above 45° on the horizon.
We arranged in classes, and then averaged the values of the height of the Moon above the horizon following Sturges' method (Odor and Iglói [132] Moon above the horizon determined for each given hour of the catch. These were then averaged in each class. We checked with a t-test the differences between the average relative catch values in the successive classes. We made correlation calculations for both species between the height of the Moon above the horizon and the accompanying 3 point moving average of the relative catch. We calculated the phase angle value of the Moon for the 24 th hour (UT) of each night in the swarming periods of the various species. Then we formed 30 phase angle groups of the 360 degrees of the complete lunar cycle. The group of the phase values in the ± 6o vicinity of the full moon (0° or 360°) was marked 0. Starting from this, the groups through the first quarter in the direction of the new moon were marked -1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, -13 and -14. And the groups from the full moon via the last quarter in the direction of the new moon are marked as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14. The phase angle group containing the new moon was ±15. Each group contains 12 phase angle values. The following phase angle groups fall in the four typical lunar quarters: full moon (-2 -+2), last quarter (3 -9), new moon (10 --10) and first quarter (-9 --3). We arranged all the nights of the swarming periods of the species examined in one of the above phase angle groups, and then averaged the accompanying relative catch data of the various species. To reduce the misleading effect of other, simultaneously existing environmental factors, we performed a 10 point digital filtering of the average values (Nowinszky et al. [131] , Nowinszky and Tóth [127, 128] ) by use of the Hanning filter formula (Gold and Rader [64] ) which contains the following filter parameters:
and (Eq. 7 and 8) Where P1 = the lower limit of the filter, P2 = the top limit of the filter, T = P1 -P2, k = 2,... T. The filtered values and the basic data are obtained by a convolution of the above filter parameters.
On the swarming curves received after the Hanning filtering had been performed, maximum and minimum catches are found in the same groups of phase angles as on the curves drawn on the basis of the original catch data, but the maximum values lay higher and minimum values lower. So filtering had reduced the disturbing effect of other, simultaneously existing environmental factors made the curves more typical and highlighted the catch maximums and minimums. We did not perform any filtering of the Kecskemét data, as we needed the original catch values for subsequent calculation. The catch results in the context of environmental illumination of the turnip moth (Scotia segetum Schiff.) and the fall webworm moth (Hyphantria cunea Drury) are shown in Table 2 .
T Ta ab bl le e 2 2. . Light-trap catches of the Scotia segetum Schiff. and the Hyphantria cunea Drury in connection with the environmental illumination, in periods with and without moonlight. RC = relative catches, N = Number of observing data. Underlined and italic numbers indicate the twilight periods in which the relative catch is significantly (at least at a 99% and 95% level) higher than that of the night. Table 3 contains the catch results by light-trap of the species examined as a function of the collecting distance, in hours without moonlight. As we could establish no relationship between the collecting distance and the catch in moonlit hours, we omit publication of the relevant results. With regard to the position of Babinet's point over the horizon, the catch results pertaining to turnip moths (Scotia segetum Schiff.) are seen in Table 4 and those concerning heart-and-dart moths (Scotia exclamationis L.) are seen in Table 5 Table 6 T Ta ab bl le e 6 6. . Light-trap catch of the turnip moth (Scotia segetum Schiff.) and the heart-and-dart moth (Sctoia exclamationis L.) related to the height of the Moon over the horizon (in degrees) (Kecskemét, 1967 (Kecskemét, -1969 .
Of the material of the national light-trap network, guided in our selection by an effort to give as wide a representation as possible to the reflection of taxonomic categories, we put forth some of our new findings concerning characteristic types of behaviour re-flecting the influence of the Moon in Figures 1-7 . Illumination generated by the Sun and the Moon changes not only on the different days of the swarming period, but also in the course of each night, therefore it is an extremely important factor modifying collecting.
In the case of the turnip moth (Scotia segetum Schiff.) we find that in the periods without moonlight, every range of illumination, with the expectation of the middle hours of the night, is accompanied by significantly higher catch results before than after midnight.
In the middle of the night when the light of the nocturnal sky is the only natural source of light to ensure the illumination of the environment, the catch before and after midnight is the same, presumable because of the small time difference. Whichever of the three forms of twilight illumination may prevail, the catch after sunset is significantly higher than at the time of sunset or in the hours of illumination by night. However, the relative catch values accompanying civil, navigational and astronomic twilight show no variation. It is extremely remarkable that the number of moths caught during the successive twilight's after midnight goes on decreasing significantly (Table 2) .
Our earlier results (Nowinszky et al. [121] ), however, have also made it clear that this phenomenon is explained neither by temperature regularly dropping by dawn, nor by increasing relative humidity. Our examinations have proved that in all comparable cases by identical illumination and temperature as well as by identical illumination accompanied by relative humidity, the catch was always significantly higher before than after midnight. It is remarkable, however, that the above circadian rhythm is modified by the presence of the Moon above the horizon: the activity of flying to light does not lose from its liveliness until the navigational twilight of the early morning hours, in fact significantly more moths fly to light at dawn than under the same illumination conditions in the periods without moonlight. However, during the total solar eclipse of August 11 th , 1999, the light-traps in Vas county did not catch a single insect (Puskás et al. [144] ). Sudden short darkness at daytime does not disturb the circadian rhythm.
Our examination related to the fall webworm moth (Hyphantria cunea Drury) has produced an opposite result. In the hours of civil, navigational and astronomic twilight and by identical temperature and humidity, the imagoes of this species show greater activity in flying to light after midnight. It is remarkable, however, that in every sphere of illumination, the number of moths caught is higher in the moonlit periods.
In the hours without moonlight, the catch relevant to all three species increases as the distance of collecting grows (Table 3) . However, this relationship cannot be proved when illumination is generated partly by the Moon. Although moonlight reduces the distance of collecting, the catch results do not go down accordingly. So the Moon exerts is influence not only through the area of collecting.
In all three spheres of illumination and regardless of the Moon being positioned above or below the horizon, the light trapping of both species will be more successful when Babinet's point is below the horizon (Table 4 and Table 5 ). When the Moon and Babinet's point are both below 45° over the horizon, the catch will be more successful if the Moon is positioned higher. We presume that the Moon and Babinet's point both play a role in the orientation of insects, but of the two the one seen higher will be of greater importance. If Babinet's point is positioned higher, the insect may escape the light-trap, perceiving the former as a discontinuity in a sky emitting a continuity of polarized light, and it can hardly mistake that discontinuity for an artificial source of light as it is perceivably does in the case of the Moon. So, unlike the Moon, Babinet's point bolsters the security of orientation. Gál et al. [61] observed patterns including the positions of the Arago and Babinet neutral points of the moonlit night sky and sunlit day sky are practically identical if the zenith angle of the Moon is the same as that of the Sun. The biological relevance of the polarization pattern of the moonlit night sky in the polarization vision and orientation of night-active insects is possible.
In our assumption, the Moon, when staying above the horizon, provides insects with guidance of orientation, therefore they avail of light stimuli in the first place to find their bearings in space. In that situation, light trapping is more efficient, as, provided certain conditions are given, the insect might mistake the light of the artificial sources that have been around for only a few millennia for the light of the Moon and therefore will be trapped. As shown in Table 6 , the height of the Moon above the horizon is in negative correlation with the 3 point moving average of the relative catch. A remarkably strong and significant fallback occurs in the catch of both species when the Moon is 45° above the horizon. If the Moon is observable higher than that, the light-trap will collect few insects. We might try to interpret this observation on the basis of experiments by Baker and Sadovy [7] and Baker [6] . Insects flying on the surface of the ground will see the top of a 360-cm column of light at an angle of 45° from a distance of 3.6m. That distance fits the 3-17m determined by Baker et al. as the distance from which insects react to artificial light. If the insects fly higher than the surface of the ground, they will always see the top of the source of light from an angle less than 45°. So, provided Baker is right, we have an explanation for why the catch is high in the moonlit hours of the night only when the Moon is on the horizon at an angle smaller then 45°, as only then will insects see the top of the trap and the Moon at the same height and only when that happens can they mistake the artificial light for the light of the Moon. So, the critical point in the position of the Moon above the horizon below which we have a high catch and over which we have a low catch is 45°. It remains a problem though that the Kecskemét light-trap was equipped with fluorescent tubes instead of a point like source of light. Because if the height of the Moon above the horizon and its vertical diameter are indeed the most important factors causing confusion, it is not clear how the insect might mistake the column of light for the Moon? Another possible explanation might be this: if the Moon stays low above the horizon, moonlight will penetrate through a thicker layer of air and so its spectral composition shifts to the domain of longer wavelengths. In this case, the light source of the trap may substitute the light waves of shorter wavelengths, to which the insect eye is extremely sensitive, and the catch grows. However, this hypothesis is in sharp contradiction with all the findings we have had so far which appear to confirm that collecting is efficient when the risk of making the mistake runs high. Following from the Mie effect, moonlight gets scattered and consequently polarized much more when penetrating through a thicker layer of air than in the case of arriving in the vicinity of a right angle. This fact, well compatible with our results, may increase the effectiveness of collecting. An analysis of the catch data presented in a study by Szabóky [178] is an interesting contribution to the subject, although it cannot be regarded as decisive evidence in support of our results. The author referred to registers the exact time, with accuracy to the minute, of the landing of 57 specimens of Anarta myrtilli L. on the sheet as he was Figures 1-7 , this has not been observed with any of the species. The Moon has been proved to modify collecting, while it was also established that the various spe-cies display different behaviour in the face of moonlight. Based on more recent research we have been engaged in, we have set up 7 basic types of behaviour:
1. A single explicit catch maximum at full moon or directly after. 2. High catch from the first to the last quarter, not falling back at the time of the new moon. 3. Two nearly identical catch maximums in the first and last quarters. 4. Two catch maximums, the stronger of the two observed in the vicinity of the first quarter. 5. Two catch maximums, the stronger of the two observed in the vicinity of the last quarter. 6. A single catch maximum in the first quarter. 7. A single catch maximum in the last quarter. The influence of the Moon on light trapping varies by species, a fact that cannot be explained by either the degree of taxonomic relationship, or by the difference in the swarming periods. It is quite likely that the various species respond in different ways to the optical characteristics of the Moon, which have their maximums always in different phase angle groups. For instance, in Hungary, in the hours of light trapping (6 p. m. -4 a. m. UT), light intensity and the duration of the stay of the Moon above the horizon is the longer in the 2 nd phase angle group following the full moon, while the extent of polarization is the highest in the first and last quarters. On the other hand, the colour temperature of a regular light-trap (2900 °K) comes closest to the colour temperature of the Moon (4100 °K at full moon according to Bernolák [12] ) between the first and last quarters and the new moon (-10 and 11 phase angle group) (Nowinszky et al. [131] ). Although the optical characteristics presumably exert their influence in their complexity on the insects collected, individuals of the various species might react to the various features in different ways.
The sensitivity to light of the species in first type is the highest at the time of the full moon, or directly after in the +1, or +2 phase angle group. Danthanarayana [42] also reported on the catch maximums observed on such occasions. However, this group contains only a small proportion of the species studied so far. Most species examined display strongly slackening activity at the time of the full moon. Moonlight is unpolarized at the full moon, while negative polarization can be observed directly before and after, the period in which the colour temperature of the Jermy-type light-traps comes closest to that of the Moon. It is in this latter fact that can be a probable reason for the maximum observed at this time.
In the type two, catching maximum can be seen at the time of last quarter, new moon and first quarter, and deep minimum at full moon.
It is a common feature of the last five types that one or two distinct catch maximums are observed in the vicinity of the first and/or last quarters. The two maximums might be of the same size, but one might be significantly higher than the other. With these types positively polarized moonlight probably has a positive influence on activity. However, it happens in several cases that the maximum is not exactly in the phase group containing the first and the last quarters, instead, gets somewhat shifted in the direction of the new moon, non the less, in this case, too, there is a remarkable fall-back in the volume of catch at the time of the new moon.
Based on the findings of other scholars as well as our own investigation we take it as confirmed that neither the smaller size of a collecting area nor reduced flying activity are reasons of general validity in way of explaining the influence of the Moon on light-trap effectiveness.
Changes of the area of collecting cannot explain with general validity the differences in the catch results related to the lunar phases. Although, beyond doubt, the illumination generated by the Moon reduces the area of collecting, yet, this fact can have significance only exceptionally from the point of view of light-trap effectiveness. Because in this case should be observe a single catch maximum, and that at the time of the new moon. But as demonstrated the catch data, this is typical of but a few species. A catch maximum is observed with most species in the first and/or last quarter. Hourly collecting data, too, did not make any decline of the catch in relationship with the size of the collecting area apparent in moonlit hours. Therefore a smaller collecting area cannot be regarded as a general reason for the more moderate catch experiences in the vicinity of the full moon. So, regarding the majority of species, the influence of the Moon manifests itself not only through modifications of the area of collecting.
Moonlight does not reduce the flight activity of the insects either. For the catch maximum in the case of most species occurs in the vicinity of the first or the last quarter, or most often, in the neighbourhood of both. So moonlight increases instead of decreasing activity and the catch. It is quite remarkable; on the other hand, that in the vicinity of the full moon, i.e. at the time of negative polarization, there is a clearly distinguishable catch minimum with most species. The negative polarization reduces the quantity of insects collected by light-trap. Had moonlight, regardless of its phase at the time, reduced the activity of insects, there would be no catch maximum in the first and last quarters either. Collecting with other methods by the researchers quoted above do not confirm either the slackening of flight activity at the time of a full moon.
In the absence of traps in high positions, there has been no Hungarian research to confirm or refute the theory expounded by El-Ziady [57] who claims that insects fly in higher layers of the atmosphere at the time of the full moon, although this phenomenon could be detected in the case of some migratory species. Admittedly, the corrected catch results of the silver Y moth (Autographa gamma L.) were good also at full moon in the Jermy type traps operating at a height of 2m.
At the time of the full moon -both when there is negative polarization and when there is no polarization -the Moon steps up flight activity. The low catch results observed with most species at this time are related to the insects' security of orientation. Our own findings appear to confirm the theory of Jermy [88] who has been assuming that moonlight might increase the security of orientation, at the same time revealing the difference following from the positive and negative polarization of moonlight. We presume that at the time of positive and negative moonlight polarization, insects rely for orientation primarily on light stimuli, while in the vicinity of the full moon, probably owing to the pres-APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2(1): 17-52.
http://www.ecology.kee.hu • ISSN 1589 1623 © 2004, Penkala Bt., Budapest, Hungary ence of negative polarization, the difference some species perceive between moonlight and artificial light is bigger than in other lunar phases. Therefore while the Moon continues to supply them with information helping their orientation, the risk of a mix-up diminishes, in other words, the security of orientation increases and the catch falls back. This theory is confirmed by an observation made by Cleve [35] who found that insects fly from one light-trap to the other, but very rarely fall into the trap at the time of the full moon. Other species, on the other hand, can be effectively collected also at times of negative polarization. For some, so far unknown, reason the security of orientation does not increase for them (Nowinszky [118] ). Light trapping has been taking place at the most different geographical locations, under changing weather and light conditions and in different seasons. Also, researchers have been collecting different species, flying at varying hours of the night with lighttraps of different types. It is possible therefore that the contradictions manifest in the findings are only apparent and further research on the most important questions may lead to new results to be used with benefit in prognostics in the foreseeable future.
At the same time, our latest findings have also supplied us with fresh evidence to prove that despite several decades of research, the influence of the Moon on light trapping has to this day remained one of the most complex and least known problems.
